The cholesterol-lowering effects of plant sterols in a format suitable for use in China have not previously been investigated. We conducted the study to quantify in adult Chinese the effects on blood lipid concentrations of a plant sterol-enriched milk tea powder. The study was a double-blind, randomised trial in which 309 participants were randomised to receive daily 2·3 or 1·5 g plant sterol supplementation or placebo for 5 weeks. The milk tea was consumed with the two fattiest meals of the day with half the assigned daily dose taken on each occasion. Fasting venous blood samples were collected before commencement and upon completion of randomised treatment. The mean age of study participants was 44 years, 62 % were female and 62 % had a history of hypercholesterolaemia. Baseline mean total cholesterol was 5·5 mmol/l and LDL-cholesterol was 3·2 mmol/l. Compared with placebo, the 2·3 g/d plant sterol dose reduced total cholesterol by 0·25 (95 % CI 0·07, 0·43) mmol/l (P¼ 0·01) and the 1·5 g/d dose by 0·23 (95 % CI 0·06, 0·41) mmol/l (P¼ 0·01). For LDL-cholesterol the corresponding reductions were 0·17 (95 % CI 0·00, 0·35) mmol/l (P¼0·06) and 0·15 (95 % CI 20·02, 0·32) mmol/l (P¼ 0·08). For neither outcome was there evidence of differences between the effects of the two doses (both P values .0·4). In conclusion, the consumption of plant sterol-enriched milk tea decreased cholesterol concentrations although to a lesser extent than was anticipated. The reason for reduced efficacy is unclear but may be attributable to the novel food format used or the Chinese population studied.
It is well established that higher concentrations of blood total cholesterol and blood LDL-cholesterol are associated with higher rates of ischaemic CVD 1, 2 . Plant sterols are naturally occurring substances 3 that inhibit the intestinal absorption of cholesterol 4, 5 and reduce total and LDL-cholesterol concentrations when administered as dietary supplements 5 . They have effects in a broad range of individuals 6, 7 and are active both alone and when used with drug-based cholesterol lowering 6, 8 . Products enriched with plant sterols are registered as functional foods in many countries 5 on the basis of their effects on blood cholesterol concentrations and presumed consequent protection against ischaemic cardiovascular events.
Dietary fat consumption in China has soared from 58 g/ individual per d in 1992 to 76 g/individual per d in 2002 with a corresponding negative impact on blood cholesterol concentrations 9 and the burden of CVD 10 . Plant sterolenriched foods might have a role to play in the control of CVD in China but evidence of their effectiveness in the population is required before their introduction. As such, the primary aim of the China Plant Sterol Trial was to precisely and reliably define the effects on blood lipid concentrations of plant sterols compared with placebo in healthy Chinese adults. A novel powdered milk tea format was developed to suit the cultural setting and two different doses were studied because the dose of plant sterol appropriate for this food format has not been established.
Participants and methods
The China Plant Sterol Trial was a double-blind, randomised controlled trial done between April and June 2006. The trial was approved by the Ethics Committees of the University of Sydney, Australia, the Peking University, China and Unilever Foods in the Netherlands. All participants provided written informed consent and the study was conducted according to the principles of the Declaration of Helsinki and subsequent amendments.
Participants
Participants were recruited from three community-based clinical research centres in Beijing, China. Individuals were potentially eligible if they were (a) aged 18-65 years old; (b) able to provide informed consent; (c) considered by the centre physician as likely to adhere to the study treatment and follow-up schedule. Participants were also required to (d) consume a usual diet containing a significant amount of fat and/or have a history of hypercholesterolaemia, in an effort to achieve in the study participants a higher average baseline cholesterol level than that of the general Chinese population. A usual diet containing a significant amount of fat was defined as one in which twelve or more meals per week were reported to include animal fat, deep-fried food, eggs, offal or full-fat dairy products. A history of hypercholesterolaemia was based on a public hospital laboratory print-out dated within the past 2 years and showing a fasting total cholesterol concentration of 5·7 mmol/l (2200 mg/l) or above. Individuals using statins were eligible.
Participants were excluded if there was a known contraindication to plant sterol use, such as a prior adverse reaction to plant sterol-enriched foods or a history of sitosterolaemia. Individuals were also excluded if efficacy of plant sterol treatment was likely to be reduced through serious gastrointestinal disease or use of a drug with a significant impact on gastrointestinal absorption of cholesterol. Other exclusions were on the basis of serious illness, lactose intolerance or requirement for a diet that excluded dairy products, current hospitalisation, current use of plant sterols, participation in another study within the previous 3 months or pregnant or planning to become pregnant within the following 3 months.
Run-in, randomisation and follow-up
All individuals interested in participating in the trial attended a baseline visit to assess eligibility. Potentially eligible participants commenced a placebo run-in period of between 10 to 20 d duration to confirm their suitability for enrolment. Participants that returned to the study clinic on the day scheduled for the randomisation visit, who reported having taken at least 95 % of the scheduled run-in treatment and were willing to continue were subsequently randomised. Randomisation was done in real time using an independent computerised randomisation service accessed via the Internet and maintained by the George Institute in Australia. The randomisation service provided a unique number corresponding to a treatment pack held at the study research centre. Each treatment pack contained all of the post-randomisation study treatment needed for that individual. A minimisation algorithm incorporating current use of statin therapy, history of hypercholesterolaemia and clinical centre was used to ensure balance across the three study groups in these key participant characteristics. Randomised participants were then seen at the follow-up visit which was scheduled for 30 -40 d after randomisation. Study data were collected in Beijing and entered through a secure study website, with data management and primary analyses done at The George Institute (Sydney, Australia).
Study treatment
Run-in treatment comprised placebo milk tea taken twice daily for 10 to 20 d and post-randomisation treatment was milk tea containing either 2·3 or 1·5 g plant sterols/d or placebo taken for 30 -40 d. The milk tea preparation contained black tea powder; for the formulation, see Table 1 . Both run-in and post-randomisation treatment were consumed with the two fattiest meals of the day with half the assigned daily treatment taken on each occasion. A rigorous quality-control procedure including full biochemical analysis of thirty randomly selected treatment packs showed complete accuracy of sample packaging and plant sterol levels.
To maximise adherence and simplify the treatment regimen, each daily dose of milk tea was provided in two pre-packaged sachets, the contents of which were dissolved in boiled water (80-908C) immediately before consumption. Participants were encouraged to continue with their normal diet and exercise patterns during the study period, and for those using other cholesterol-lowering medications the usual dose of treatment was continued throughout the study. Dietary records were not kept. Treatment allocation was concealed from investigators and participants until all follow up was complete and the database was locked.
Outcomes
The primary outcome was LDL-cholesterol. Secondary outcomes were total cholesterol, HDL-cholesterol and TAG. Blood samples were collected at the randomisation visit and at the follow-up visit with participants fasted overnight on both occasions. Lipids were measured directly using a Hitachi 7170 Auto-Analyser located at the Central Laboratory of Peking University Third Hospital, a system approved by the Cholesterol Reference Method Laboratory Network of the Centers for Disease Control and Prevention. The tertiary outcomes were liking of study treatment evaluated by nine different measures (overall taste of the milk tea; the milk taste; the tea taste; the balance of the milk and tea taste; the strength of sweetness; the feel in the mouth; the aftertaste; the strength of smoothness; the darkness of the colour) recorded on visual analogue scales and adherence (defined as the number of tea sachets used divided by the number of tea sachets due to have been used). Participants were asked to bring unused tea sachets to the study clinic at the follow-up visit for counting.
Statistics
Power. The study was designed to provide 80 % power (a ¼ 0·05) to detect a 10 % or greater difference in LDLcholesterol concentrations between any pair of treatment groups. There was similar power to detect an 8·5 % or greater difference between the two active treatment groups combined (n 200) and placebo (n 100). These power calculations were based upon data about population cholesterol concentrations in urban Chinese individuals collected by previous studies 10, 11 . Analysis. Analysis of treatment effects was by intention to treat using procedures available in the SAS System for Windows version 8 (SAS Institute Inc., Cary, NC, USA). The baseline to follow-up changes in study outcomes were calculated for each randomised group and compared between them using ANOVA with CI and P values calculated for the differences 12 . Pre-defined subgroup analyses exploring the constancy of the effects of the randomised treatment on LDL-cholesterol and total cholesterol were done by including an interaction term in the relevant models. For continuous baseline measures median values were used to split participants into subgroups except for total cholesterol where Chinese regulations concerning the registration of functional foods recommend a cut-off point of 5·2 mmol/l. The subgroup analyses were focused on the comparison of effects between the two active treatment groups combined v. placebo in an effort to maximise reliability of the findings. The data describing the percentage differences in lipid concentrations and the adherence to study treatment were tested using the non-parametric Kruskal -Wallis test since the data were skewed 12 .
While the data about liking of study treatment were also skewed they were successfully transformed using an Arcsin (square root) transformation and were tested using ANOVA.
Results

Registration, randomisation, adherence and follow up
A total of 432 individuals were registered and 309 were randomised (Fig. 1) . Failure of registered participants to proceed to randomisation was primarily a consequence of inadequate adherence to study treatment during the run-in phase. Mean adherence after randomisation was 97 % in both active treatment groups and 95 % in the placebo group, with no difference in adherence detected between any pair of randomised groups (all P. 0·25). The final follow-up visit was attended by 302 (98 %) randomised participants, and baseline and follow-up blood samples from 301 (97 %) were available for analysis.
Baseline characteristics
Randomised participants had a mean age of 44 years and 62 % were female (Table 2 ). Almost two-thirds had a history of hypercholesterolaemia but few were using statins or any other type of cholesterol-lowering agent. Mean BMI was 26 kg/m 2 , total cholesterol 5·5 mmol/l, LDL-cholesterol 3·2 mmol/l, HDL-cholesterol 1·5 mmol/l and TAG 2·1 mmol/l.
Effects of randomised treatment on blood lipids
Compared with placebo, both doses of plant sterols brought about significant absolute and percentage reductions in total cholesterol, with no effect on either HDL-cholesterol or TAG ( Fig. 2 and Table 3 ). The same was also true for each of these three lipid outcomes for the analyses which treated the two doses of active treatment as one and compared them against placebo. For the primary outcome of LDL-cholesterol there was a significant percentage reduction achieved with the higher dose of plant sterol but not the lower dose and for neither dose did the absolute reductions in LDL-cholesterol reach conventional levels of statistical significance. There were, however, significant absolute and proportional reductions in LDL-cholesterol for the analyses which treated the two doses of active treatment as one and compared them against placebo. For none of the four lipid parameters did the head-to-head comparisons between doses show evidence of a difference in effects between the 2·3 and 1·5 g doses of plant sterols.
The subgroup analyses identified no differences in the effects of randomised treatment on LDL-cholesterol or total cholesterol in the pre-specified participant subgroups defined by baseline total cholesterol concentration, sex, age, baseline LDL-cholesterol concentration or reported level of fat consumption (all P interaction . 0·08). Nor was there any difference in the effects of randomised treatment on these outcomes between subgroups defined post hoc on the basis of BMI (all P. 0·5).
Effects of randomised treatment on liking of milk tea and other outcomes
For none of the comparisons between randomised groups were there any differences detected in the nine aspects of liking recorded (all P. 0·10). Nor were there any serious adverse drug reactions or serious adverse events documented.
Discussion
The present study showed that twice-daily dietary supplementation with plant sterol-enriched milk tea at a dose of either 1·5 or 2·3 g/d reduced blood total cholesterol concentrations in healthy urban Chinese. Corresponding clear effects on LDL-cholesterol were not apparent for either dose although there were trends towards reduction for both and analyses done combining the two active doses to maximise statistical power did show significant falls in LDL-cholesterol. However, for both total cholesterol and LDL-cholesterol the effects of the plant sterols were less than anticipated on the basis of previous studies done mostly in Western populations and with other food formats 5 . While even the moderate lipid changes achieved in the study would be expected to translate into reduced risks of ischaemic CVD 1, 2 , large numbers of individuals would require long-term treatment with this product for significant health benefits to accrue in the Chinese population.
In a recent meta-analysis of randomised trials an average 2 g/d dose of plant sterols reduced blood concentrations of LDL-cholesterol by about 0·43 (95 % CI 0·37, 0·47) mmol/l amongst participants aged 40-49 years, with greater effects among older individuals and lesser effects among younger individuals 5 . In the present study of individuals with a mean age of 44 years the reduction in blood LDL-cholesterol concentration was only about one-third of that (0·16 (95 % CI 0·01, 0·32) mmol/l). The difference between the present study and the meta-analysis of prior studies appears unlikely to have arisen by chance. Neither does it appear to reflect differences in baseline cholesterol levels which were only moderately different between the present study and the overview (median 3·8 mmol/l in the meta-analysis v. mean 3·2 mmol/l in the present study), a difference insufficient to explain the approximate threefold difference in the proportionate lipid reductions observed (9 % in the meta-analysis and 3 % in the present study).
The reason why the plant sterol produced only limited reductions in total and LDL-cholesterol in the present study cannot be stated with certainty. Ethno-specific lesser effects of cholesterol-lowering interventions are not supported by prior studies 7,13 -15 and lower levels of fat in the diets of the trial participants also appears an unlikely explanation 16 -19 . Consumption of the milk tea outside of meal times may have occurred but it would not be expected to reduce efficacy to this extent 4, 19 . It is possible that beverage formats may be a less effective delivery mechanism for plant sterols than other food formats with one prior study of a beverage format showing a significant fall in blood lipid levels 20 but another showing no effect 21 . Inadequate dosing of plant sterol also seems an 5·3  1·2  5·6  1·3  5·5  1·1  LDL-cholesterol  3·1  1·0  3·2  1·1  3·3  0·9  HDL-cholesterol  1·4  0·4  1·4  0·3  1·5  0·4  TAG  2·0  1·4  2·3  2·0  1·9 1·3 unlikely reason for the reduced effectiveness since the higher dose was at a level expected to produce maximal effects 5 . Since the present study was a randomised controlled trial with good adherence and almost entirely complete follow up it is very unlikely that the results are importantly biased. Some confidence in this assumption is provided by the results themselves which, magnitude of effect on total and LDL-cholesterol aside, show consistent and expected directions of effect of plant sterols on all lipid parameters for both doses. In addition, the lipid assays done for the present study, which used direct measurement of all lipid components with an analytical system certified by the United States Center for Disease Control Cholesterol Reference Method Laboratory Network, are very unlikely to have introduced random or systematic error.
In conclusion, the present study has shown clear effects of plant sterol-enriched milk tea on blood lipid concentrations in a healthy urban Chinese population with above-average fat consumption and blood cholesterol concentrations. The effects on blood lipids were less than anticipated and the reasons for this are unclear but likely to be attributable to some aspect of either the novel population studied or the novel food format utilised. A study comparing the effects of the milk tea against another food format in Chinese individuals or a study of the milk tea food format in a Western population might provide significant additional insight. It is important to note, however, that while the changes in blood lipid concentrations were not as great as those anticipated these data do suggest that health gains would be achieved with the use of plant sterols in Chinese populations. Even moderate reductions in blood lipid concentrations would be anticipated to prevent serious cardiovascular events, particularly if treatment were targeted towards those at high risk of CVD or implemented population-wide. 
